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ABSTRACT
Aims. We want to study how the velocity segregation and the radial profile of the velocity dispersion depend on the prominence of
the brightest cluster galaxies (BCGs).
Methods. We divide a sample of 102 clusters and groups of galaxies into four bins of magnitude gap between the two brightest cluster
members. We then compute the velocity segregation in bins of absolute and relative magnitudes. Moreover, for each bin of magnitude
gap we compute the radial profile of the velocity dispersion.
Results. When using absolute magnitudes, the segregation in velocity is limited to the two brightest bins and no significant difference
is found for different magnitude gaps. However, when we use relative magnitudes, a trend appears in the brightest bin: the larger the
magnitude gap, the larger the velocity segregation. We also show that this trend is mainly due to the presence, in the brightest bin,
of satellite galaxies in systems with small magnitude gaps: in fact, if we study separately central galaxies and satellites, this trend is
mitigated and central galaxies are more segregated than satellites for any magnitude gap. A similar result is found in the radial velocity
dispersion profiles: a trend is visible in central regions (where the BCGs dominate) but, if we analyse the profile using satellites alone,
the trend disappears. In the latter case, the shape of the velocity dispersion profile in the centre of systems with different magnitude
gaps show three types of behaviours: systems with the smallest magnitude gaps have an almost flat profile from the centre to the
external regions; systems with the largest magnitude gaps show a monothonical growth from the low values of the central part to the
flat ones in the external regions; finally, systems with 1.0 < ∆m12 ≤ 1.5 show a profile that peaks in the centres and then decreases
towards the external regions.
Conclusions. We suggest that two mechanisms could be responsible for the observed differences in the velocity segregation of the
BCGs: an earlier formation of systems with larger magnitude gap or a more centrally-concentrated halo. However, the radial profiles
of the velocity dispersion confirm that central galaxies are more relaxed, but that the satellite galaxies do not seem to be affected by
the magnitude gap.
1. Introduction
It is well known that the galaxy population is different in the
field and in clusters. Many authors (Melnick & Sargent 1977;
Whitmore et al. 1993, amongst others) showed that red early-
type galaxies are located in the central (denser) regions of nearby
galaxy clusters, whereas blue star-forming late-type galaxies
are found at larger radii, where the density is lower. Dressler
(1980) showed that there is a correlation between the fraction
of galaxies of different morphological types and the local pro-
jected galaxy density. He then concluded that the presence of
different morphological types in different regions of the clusters
is not dependent on the global conditions related to the clus-
ter’s environment, but it is more connected with the local clus-
tering. However, Sanroma & Salvador-Sole (1990) showed that
this morphological trend is driven by the projected radius and
not by the surface density.
A phenomenon that is related to this spatial segregation of
galaxies is their segregation in the velocity space. The study
of this latter segregation requires a bigger observational ef-
fort, since deep spectroscopy is needed. However, various stud-
ies were conducted on this topic and significant differences in
the velocity distribution are found for different galaxy popula-
tions. As an example, a difference in velocity dispersion mea-
sures using red and passive galaxies or blue star-forming galax-
ies in clusters was found by many authors (Moss & Dickens
1977; Sodre et al. 1989; Biviano et al. 1992, 1996, 1997;
Scodeggio et al. 1995; Goto 2005; Sánchez-Janssen et al. 2008).
Another type of known segregation is that of massive and lumi-
nous galaxies, that are found to be segregated in velocity with re-
spect to smaller and fainter galaxies. This effect was reported for
the first time by Rood & Turnrose (1968) and then further anal-
ysed by other authors (e.g. Biviano et al. 1992, and references
therein). These authors showed that only the most luminous
galaxies are segregated and that brighter galaxies have lower ve-
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locities. The result was confirmed more recently by Adami et al.
(1998), Girardi et al. (2003), Goto (2005), and Ribeiro et al.
(2013) and it is generally explained by invoking physical pro-
cesses that are able to transfer the kinetic energy of galaxies
mainly to the dark matter (DM) particles. The process respon-
sible of this effect is usually identified with dynamical friction
(Chandrasekhar 1943; Sarazin 1986): a massive galaxy that is
falling into a cluster interacts with other, smaller, galaxies. The
smaller galaxies are gaining energy and momentum in the inter-
action at the expense of the massive galaxy.Moreover, the falling
galaxy is also suffering a dynamical friction from the DM halo
of the cluster. On the contrary, the process of violent relaxation
is expected to produce a velocity distribution that is independent
of galaxy mass (Lynden-Bell 1967).
The existence of velocity segregation in galaxy clusters was
also considered as a sign of dynamical evolution (Coziol et al.
2009). In fact, dynamical friction requires a long time to produce
its effect on the more massive galaxies. However, Skibba et al.
(2011) showed that between 25% and 40% of the brightest
galaxies are satellites instead of central. We already showed
(Zarattini et al. 2016, hereafter Paper VII) that the majority of
the BCGs located in fossil groups (FGs) seems to lie at the centre
of the potential well, not showing a significant peculiar velocity,
a result recently confirmed by Gozaliasl et al. (2019). This could
be interpreted as velocity segregation, but to really address this
issue we also have to study the peculiar velocities of satellite
galaxies. In addition, as in Zarattini et al. (2015, hereafter Pa-
per V), we now have enough statistics to understand if there is a
dependence between the magnitude gap and the velocity segre-
gation of galaxies.
Moreover, we also focus our attention on how the radial ve-
locity dispersion profiles vary with the magnitude gap. These
profiles, together with the projected number density and mass
profiles, are able to give hints on the type of orbits that domi-
nate a cluster (Biviano & Katgert 2004; Aguerri et al. 2017). In
the context of this work, we are interested in studying if differ-
ent orbits are found in systems with different magnitude gaps.
Biviano & Katgert (2004) showed that the velocity dispersion
profiles can be distinct for different galaxy populations: early-
type galaxies show a decreasing radial profile towards the centre
of the clusters, whereas late-type galaxies show a clear increase
in the centre. This is supposed to be connected with different
types of orbits: isotropic for early-type galaxies and more radial
for late-type ones. Recently, Aguerri et al. (2017) also confirmed
that there is a segregation of orbits depending on the luminosity
of galaxies: more luminous galaxies are in less radial orbits than
fainter galaxies. A similar orbital difference for galaxies of dif-
ferent mass was found by Annunziatella et al. (2016), but in only
the inner regions of clusters.
This work is part of the Fossil Group Origins (FOGO)
project, a program presented in Aguerri et al. (2011) in which
we studied different aspects of FGs, a particular type of galaxy
aggregation dominated at optical wavelengths by a massive and
luminous central galaxy, at least two magnitudes brighter than
the second brightest member in the r-band (∆m12 ≥ 2). The de-
tailed study of the sample was presented in Zarattini et al. (2014,
hereafter Paper IV). The project studied the properties of the
BCGs in FGs (Méndez-Abreu et al. 2012), the X-ray versus opti-
cal scaling relations (Girardi et al. 2014), the global X-ray scal-
ing relations (Kundert et al. 2017, hereafter Paper VI), the de-
pendence of the luminosity function on the magnitude gap (Pa-
per V), the presence of substructures in FGs (Paper VII), and the
stellar populations in FG BCGs (Corsini et al. 2018). Moreover,
we presented a case of transitional fossil system in Aguerri et al.
(2018).
The paper is structured as follows: in Sect. 2 we present the
sample used for this work, in Sect. 3 we present the results on
both the velocity segregation and the radial velocity dispersion
profiles, in Sect. 4 we discuss the results, and in Sect. 5 we draw
our conclusions.
The cosmology adopted in this paper, as in the rest of the
FOGO papers, is H0 = 70 km s
−1 Mpc−1, ΩΛ = 0.7, and
ΩM=0.3.
2. Sample
We build our sample by combining two different datasets, as
done for the study of the dependence of the luminosity func-
tion on the magnitude gap (Paper V). In the first sample (here-
after S1) we have the 34 FG candidates proposed by Santos et al.
(2007) and analysed by the FOGO team in Paper IV. The spectro-
scopic completeness of the S1 sample is more than 70% down
to mr = 17 and more than 50% down to mr = 18. For the S1
sample we have a total of 1244 available velocities (26 clusters),
of which 579 turned out to be members of the respective cluster.
We refer the reader to Paper IV for detailed information of the S1
sample. We were able to confirm that 15 out of 34 are genuine
FGs, 7 are non-FGs, and the other 12 remain to be confirmed.
We defined as “genuine fossil” a group or cluster of galaxies that
accomplishes one of the two definitions that follow: i) it has a
magnitude gap of at least 2 magnitudes between its two brightest
member galaxies (∆m12 ≥ 2) in the r band within half the virial
radius or ii) it has a magnitude gap of at least 2.5 magnitudes be-
tween the first and the fourth brightest members (∆m14 ≥ 2.5) in
the r band within half the virial radius (see Paper IV for details).
For this work we use only systems with z ≤ 0.25. This cut in red-
shift allows us to reach the dwarf regime in all the clusters. After
its application the number of clusters in the S1 sample reduces
to 26. In this sample, the BCGs are the starting point for the se-
lection of the sample and are taken from the Sloan Digital Sky
Survey luminous red galaxies sample. Details on the selection
criteria can be found in Santos et al. (2007). The median mass
of clusters in the S1 sample, computed from the line-of-sight ve-
locity dispersion using Eq. 1 from Munari et al. (2013), is log
M200 = 14.21 ± 0.42 dex.
The S1 sample is biased towards systems with large mag-
nitude gaps, since it was selected to find new FGs. In partic-
ular, the mean value of the ∆m12 parameter is ∆m12 ∼ 1.5
and only 4 systems have ∆m12 ≤ 0.5. We, thus, add a second
sample (hereafter S2) taken from Aguerri et al. (2007). These
systems were selected as clusters with z ≤ 0.1 from the cat-
alogs of Zwicky et al. (1961), Abell et al. (1989), Voges et al.
(1999), and Böhringer et al. (2000). They were observed in
the Sloan Digital Sky Survey Data Release 4 (SDSS-DR4,
Adelman-McCarthy et al. 2006). The S2 sample consists of 88
clusters, but we only used those whose ∆m12 was spectroscopi-
cally confirmed. This criterium reduced the number of systems
in the S2 sample to 76, with a mean ∆m12 ∼ 0.7. The spectro-
scopic completeness of the S2 sample is more than 85% down
to mr = 17 and more than 60% down to mr = 18. In the S2
sample, there are a total of 5977 velocities available, of which
3886 turned out to be members. In S2, the centre of the clus-
ter was determined using the peak of the X-ray emission (when
available) or the peak of the galaxy distribution. Then, the BCG
was selected to be the brightest galaxy of the central region. The
mean difference between the centre of the cluster and the se-
lected BCG is 150 kpc (see Aguerri et al. 2007, for details). The
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Fig. 1. Dependence of the velocity segregation on luminosity in bins of
the magnitude gap for galaxies within R200. We show with black filled
squares those clusters with ∆m12 ≤ 0.5, with red filled hourglasses those
with 0.5 < ∆m12 ≤ 1.0, with violet filled bowties those with 1.0 <
∆m12 ≤ 1.5, and with green filled circles those systems with ∆m12 ≥
1.5. The error bars uncertainties of the mean, computed as the standard
deviation of the normalised velocity divided by the square root of the
total number of galaxies in each absolute-magnitude bin.
median mass of clusters in the S2 sample, computed as for S1,
is log M200 = 14.27 ± 0.37 dex. A detailed comparison between
S1 and S2 was presented in Paper V and references therein. The
number of clusters obtained by combining S1+S2 and applying
the described cut in redshift is thus 102. We stress that these are
exactly the same systems used in Paper V and that there is no
intersection between the two samples.
3. Results
In this section we present the results of the study of the depen-
dence of the velocity segregation (3.1) and of the velocity dis-
persion profile (3.2) on the magnitude gap.
3.1. Dependence of the velocity segregation on the
magnitude gap
Following what we did in Paper V, we divide our sample of 102
clusters and groups in 4 subsamples of different ∆m12. In partic-
ular, the first subsample includes all clusters with ∆m12 ≤ 0.5,
the second one those with 0.5 < ∆m12 ≤ 1.0, the third subsam-
ple those with 1.0 < ∆m12 ≤ 1.5, and finally the last subsample
has all the systems with ∆m12 > 1.5. According to this division,
we have 31, 24, 26, and 21 systems in the first, second, third,
and fourth subsample, respectively. The values of the magnitude
gaps used to divide the sample are arbitrary and chosen to have
more that 20 systems per bin, in order to obtain robust statisti-
cal results. The median velocity dispersion of the four different
subsamples are 557 ± 171 km s−1, 617 ± 159 km s−1, 587 ± 200
km s−1, and 545 ± 206 km s−1, respectively. The corresponding
medianM200 masses (given in logarithmic units) are 14.27±0.38
dex, 14.40 ± 0.35 dex, 14.33 ± 0.40 dex, and 14.21 ± 0.48 dex.
For each member galaxy, we have a velocity that comes from
our own spectroscopy or SDSS and magnitudes from SDSS-
DR7. In particular, throughout the paper we use the model mag-
nitude in the r band and all absolute magnitudes are K−corrected
following Chilingarian et al. (2010).
For each cluster of the S1 sample, R200 was obtained from
X-ray data and members were selected using a two-step proce-
dure applied to the galaxies in the region within R200. First, we
used DEDICA (Pisani 1993, 1996), which is an adaptive kernel
procedure that works under the assumption that a cluster cor-
responds to a local maximum in the density of galaxies. Then,
we adopted the likelihood ratio test (Materne 1979) to assign
a membership probability to each single galaxy relative to an
identified cluster. The details on these procedures are described
in Paper IV. For the clusters in the S2 samples, Aguerri et al.
(2007) also adopted a two-steps procedure in which the first step
was the gapping procedure proposed by Zabludoff et al. (1990).
They also applied the KMM algorithm (Ashman et al. 1994) to
estimate the statistical significance of bi-modality in the main
peak identified in the first step. Once the members of the clusters
are identified, they are used to compute the value of R200 for each
cluster. Details on this procedure can be found in Aguerri et al.
(2007). The two procedures applied to the S1 and S2 samples
are robust to interlopers, thus granting a reliable measure of the
cluster global properties. Once R200 and member galaxies were
known, we compute the distance of each galaxy from the centre
of the cluster (defined as the BCG position), which will be used
to compute the velocity dispersion profile in Sect. 3.2.
The velocity segregation is computed in bins of absolute
magnitude. For each galaxy we compute its normalised veloc-
ity as
v
norm
gal =
∣
∣
∣vgal − vc
∣
∣
∣
σc
(1)
where vgal is the recessional velocity of the galaxy itself, whereas
vc and σc are the mean velocity and the velocity dispersion of
the corresponding cluster, computed within at least 0.5 R200 and
after removing velocity interlopers (see Zarattini et al. 2014, for
details). Then, for each absolute-magnitude bin we compute the
mean value of the normalised velocity for all the clusters that
have at least a galaxy with the required magnitude.
We present in Fig. 1 the dependence of the velocity segrega-
tion on magnitude gap. The plot is computed using all galaxies
within the virial radius. It can be seen that the segregation in ve-
locity appears only in the two most-luminous magnitude bins.
No significant trend appears with the magnitude gap, although
systems with the larger gaps seems to show a larger segregation.
It is worth noticing that clusters with ∆m12 ≤ 0.5 do not have
galaxies in the brightest magnitude bin (e.g. no galaxies with
−24.5 ≤ r ≤ −23.5). The Spearman rank correlation test con-
firms that a correlation is present in each of the four subsamples.
Moreover, in order to assess the significance of the segregation,
we shuffle 100 times the magnitude gaps among the 4 subsam-
ples and recompute vnorm(Mr > −23)− vnorm(Mr < −23) for each
case. We find that only in 10% of the cases the velocity segrega-
tion is as high as the one found for the ∆m12 > 1.5 subsample.
As we did in Paper V, we compute also the relative velocity
segregation by subtracting the magnitude of the central galaxy
to all the magnitudes. As a result, all the BCGs are located in
the same bin, independently of their magnitude and on the mass
of their hosting group/cluster. This is useful when comparing
objects with different masses as clusters and groups in order to
highlight differences that originate directly from the magnitude
gap. In fact, as we showed in Paper V, the central galaxies of
groups are fainter than those of clusters and they can lie in a re-
gion where there are a lot of intermediate-mass galaxies in clus-
ters. For this reason, in Fig. 1 the impact of the magnitude gap
can be mitigated.
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Fig. 2. Dependence of the velocity segregation with the magnitude gap obtained using relative magnitudes. In the top left panel we show the result
obtained with all the galaxies within 1 R200, whereas in the top right panel we use only galaxies within 0.5R200. In the lower panels we show the
same results, but separating central galaxies (filled stars) from satellites. The remaining symbols and color code are the same as in Fig. 1.
We present the relative velocity segregation in Fig. 2. In the
top left panel, we show the result obtained within R200: the color
code is the same as in Fig. 1 and we can see that the segregation
in velocity seems to be limited to galaxies that are as bright as
the BCGs. Moreover, it seems that there can be a trend in the first
magnitude bin: here galaxies located in clusters with larger mag-
nitude gaps seem to be more segregated. However, the trend is
not strong. We then compute the same quantities within 0.5 R200
and we show the results in the top right panel of Fig. 2. Now the
trend with magnitude gap is stronger because the magnitude gap
is computed for galaxies within 0.5R200, while in the left pan-
els we include also galaxies out to R200. Thus, it is possible that
other galaxies as bright as the BCGs can be found at distances
larger that 0.5 R200, not affecting the magnitude gap but affect-
ing the observed segregation. The trend shows that the larger the
gap, the more segregated are the (central) galaxies in velocity. As
we found for the LFs, there is a statistical difference larger that
3σ between the two most-extreme cases (namely, ∆m12 ≤ 0.5
and ∆m12 > 1.5), with the other two magnitude-gap bins located
in the middle and following the trend set by the magnitude gap
itself.
Again, as we did for Fig. 1, we compute the difference in
velocity between the two brightest bins for the subsample of
clusters with ∆ m12 ≥ 1.5. This difference is the largest that
we found (in Fig. 2, this is the difference between the two left-
most green points in the top-right panel) and it is measured to be
0.6. We then shuffle 100 times the magnitude gap of each cluster
and each time we compute again the resulting relative velocity
segregation for the 4 subsamples (that have no relation with the
magnitude gap at this point). Thus, for each subsample we com-
pute the velocity segregation for the first two bins and compare
it with our reference value, finding that the new values are never
larger than 0.6.
We also show in the two lower panels of Fig. 2 the same re-
sults, but splitting the galaxy population of each cluster in two
components: the BCGs and the satellite galaxies. The two most
interesting results in these panels are i) the trend in the first mag-
nitude bin is still visible, although it is weaker and limited to
BCGs alone, and ii) satellites do not seem to suffer from veloc-
ity segregation, independently of their magnitude. In fact, the
bottom right panel of Fig. 2 clearly shows that satellite galax-
ies located in the two brightest magnitude bins have the same
normalised velocity as satellite galaxies in the fainter magnitude
bins. On the other hand, when comparing the top and bottom
panels it can be seen that the velocity segregation in the brightest
magnitude bin is stronger when using only BCGs (bottom pan-
els) than when also satellites are included. This is particularly
evident for the first subsample, where massive satellites can be
found in the brightest bin. However, a trend in velocity segre-
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gation is visible also in the bottom panels, but it is mitigated,
especially within 0.5R200.
3.2. Dependence of the velocity dispersion profile on the
magnitude gap
We also study the cumulative and differential velocity disper-
sion profiles, σ
(n)
cum(< R) and σ
(n)
diff
(R) respectively, in the different
magnitude-gap bins. The differential quantities are computed at
R = 0.025 R200, R = 0.05 R200, R = 0.1 R200, R = 0.2 R200,
R = 0.5 R200, R = 1 R200. The cited quantities and the 68%
uncertainties are computed using the biweight estimator of the
ROSTAT package (Beers et al. 1990).
In Fig. 3 we present the results. In the very central part a
trend seems to appear: the clusters with the largest ∆m12 have
a lower value of velocity dispersion in the centre. However, the
trend is not as clear as it was for the velocity segregation, because
clusters with 1.0 < ∆m12 ≤ 1.5 have a small velocity dispersion
in the centre, which roughly triples at 0.07 R200. A difference re-
mains in the two most-extreme cases. In fact, it can be seen that
at large radii all the velocity dispersion profiles become flatter
at a value that is close to unity, which is the value of the ve-
locity dispersion computed using all the galaxies in the sample.
However, the way in which the different subsamples selected us-
ing the magnitude gap reach this limit is different: clusters with
∆m12 ≤ 0.5 reach it faster and the “jump” between the most cen-
tral values and the plateau is smaller than that of clusters with
∆m12 > 1.5. It is worth noticing that the first (left-most) points
of Fig. 3 confirms the results presented in Fig. 2 for the BCGs.
In Fig. 4 we show the same analysis, but for satellite galaxies
only. Here the trend disappears and we can identify three differ-
ent behaviours: systems in which also the satellite galaxies have
a small velocity dispersion in the centre of the clusters (clusters
with 0.5 < ∆m12 ≤ 1.0 and ∆m12 > 1.5), systems with an almost
flat profile (∆m12 ≤ 0.5), and systems with a higher velocity dis-
persion in the centre that in the more external parts (clusters with
1 < ∆m12 ≤ 1.5)
4. Discussion
We show in Sect. 2 that there is a dependence of the velocity
segregation on the magnitude gap. In particular, there is a trend
for systems with larger magnitude gaps to have more-segregated
bright galaxies. Moreover, the segregation is clearly limited to
the central galaxies alone. These two results suggest that there
is some connection between the magnitude gap and the conse-
quences it has on the evolution of the BCGs, but that this con-
nection is not affecting satellite galaxies. A possible explanation
is that the DM halos in systems with larger magnitude gaps are
found to be more centrally concentrated (D’Onghia et al. 2005;
von Benda-Beckmann et al. 2008; Ragagnin et al. 2018). Those
halos can thus create a deeper potential well, able to enhance the
dynamical friction with the central galaxy. In fact, it is known
(e.g. Adhikari et al. 2016) that a DM subhalo orbiting inside a
larger halo will experience dynamical friction due to the density
of DM particles in the host halo, with a rate
dv
dt
∝ −
G2Mρ
v3
v f (v|σ). (2)
In this equation, M is the mass of the subhalo, v is its relative
velocity with respect to the host, ρ is the local density of the host
halo, and f (v|σ) is the fraction of field particles with velocity
less than |v|. The result is that a massive halo going through a
Fig. 3. Cumulative (upper panel) and differential (lower panel) veloc-
ity dispersion profiles for clusters in different magnitude-gap bins. The
color code is the same as in Fig. 1 and shaded areas represent 1σ uncer-
tainties. The small vertical lines represent the radii at which the differ-
ential quantities are computed.
more centrally-concentrated host should experience a stronger
deceleration and it would end at the bottom of the potential well
in a shorter time than the same halo in a sparser host (see also
Jiang et al. 2008).
A similar argument can be used if systems with large magni-
tude gaps form at an earlier epoch than systems with smaller
magnitude gaps. In fact, in this case the former would have
more time to slow down the central galaxies, without the need
to assume more centrally-concentrated DM halos. This early
formation was predicted using hydrodynamical simulations by
D’Onghia et al. (2005) and von Benda-Beckmann et al. (2008),
but more recent simulations question this point. In particular,
in Paper VI we showed, using the Illustris cosmological hydro-
dynamical simulation, that the early mass assembly history of
fossil systems (e.g. systems with ∆m12 ≥ 2) is the same as for
non-fossil systems. Differences rise at z < 0.4, when fossil sys-
tems stop accreting galaxies and have enough time to merge the
big satellites into their BCG, thus creating the gap. In particu-
lar, using semi-analytical modelling, Farhang et al. (2017) no-
ticed that FGs evolve faster then non-FGs in the redshift range
0.4 > z > 0.1 and they than evolve as non-FGs since z = 0.1.
On the other hand, it is worth noticing that our results seem to
confirm that systems with small gaps could be cluster mergers as
suggested, for example, by Trevisan & Mamon (2017).
Recently, Barsanti et al. (2016) have studied a sample of 41
clusters in the range 0.4 ≤ z ≤ 1.5 and have looked for luminos-
ity segregation in velocity space. They found evidence of segre-
gation for all those galaxies brighter than the third most lumi-
nous galaxy in each cluster. Moreover, the more luminous is the
galaxy, the lower is its velocity. This result is also in agreement
with that reported for a local sample by Biviano et al. (1992).
Our systems are divided in magnitude gap bins and the grow-
ing of the gap can also affects velocity segregation: in fact, the
larger the gap, the more luminous (and massive) the BCG and, as
a consequence, the more segregated the BCG should be in veloc-
ity. However, our findings show that only the BCGs are strongly
segregated in velocity. No hints are found that bright andmassive
satellites suffer velocity segregation.
Unfortunately, the result of the dependence of the velocity
segregation on the magnitude gap is not able to favor one of the
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two scenarios proposed in the last paragraph with respect to the
other. Thus, we also study the radial velocity dispersion profile
in order to obtain more information and try to favor one of the
previous scenarios on the other. From a theoretical point of view,
the computation of the “inverted” Jeans equation, that is used to
compute the velocity-anisotropy profile (see Biviano & Katgert
2004, for details) depends on the number density of galaxies, the
mass and velocity dispersion profiles. Thus, assuming the same
mass profile for all the clusters, the observed differences in the
velocity dispersion profiles can depend on the spatial distribu-
tion, on different orbits of galaxies or on different dark matter
concentration.
We then compute the spatial distribution of galaxies in the
four subsamples and present the result in Fig. 5. There seems to
be a small trend in which objects with larger ∆m12 have steeper
galaxy densities. However, the individual points for the different
subsamples are all in agreement within the uncertainties and we
also perform a linear fit to the spatial distribution of the differ-
ent subsamples, finding no differences in the slopes at 1σ level.
We also calculate the cluster number concentration for our four
subsamples. To do so, we firstly compute the radial complete-
ness profiles for each cluster separately. These were obtained
by selecting all galaxies with and without redshift in the cho-
sen magnitude range (the upper quartile of the magnitude dis-
tribution of members), binning in radii the two, and making the
number ratio in each bin. We then assign to each member galaxy
the completeness value that corresponds to the radial bin that in-
cludes the galaxy itself. Then, we stack the clusters according to
their ∆m12 and we fit a projected Navarro-Frenk-White profile
(NFW, Navarro et al. 1997) to the stacked profiles, taking the ra-
dial completeness correction into account. The fits are done out
to R200, since at larger radii not all the clusters are contributing.
The concentrations that we find are c1 = 2.0±0.1, c2 = 2.1±0.2,
c3 = 1.9 ± 0.2, and c4 = 2.5 ± 0.4 for the four subsamples of
different ∆m12. These values are quite low compared to theoret-
ical predictions for the concentration of DM, also considering
that Biviano et al. (2017) found that galaxies and DM concen-
trations are similar for nearby clusters. On the other hand, the
values we find are quite in agreement with other observational
works, like Lin et al. (2004) (c = 2.9 ± 0.2), van der Burg et al.
(2015) (c = 2.03 ± 0.2), and references therein. Although the
concentrations we found for our four subsamples are compatible
with one another, it is worth noticing that systems with larger
mass seem to have higher concentrations. This result was already
found in Farhang et al. (2017): in particular, in their fig. 8, they
showed that systems with large magnitude gap have systemati-
cally a higher concentration than their control sample.
We can thus conclude that the spatial distribution of galax-
ies does not strongly depend on ∆m12. As a consequence, the
observed differences in the velocity dispersion profiles should
reflect different orbits. This is in agreement with earlier findings
by Girardi & Mezzetti (2001), who showed that a peak in the ve-
locity dispersion profile is expected when moderate radial orbits
are included, and Biviano & Katgert (2004) who demonstrated
that the central peak can be generated by the presence of late-
type galaxies, whereas the profiles of bright ellipticals showed a
clear decrease toward the centre.
This theoretical framework, in which differences in the ve-
locity dispersion profiles are connected to different types of or-
bits, is able to explain in a convincing way the results we found.
However, the velocity dispersion profiles of satellite galaxies
seem to exclude a link between the orbits and the magnitude gap.
In fact, a trend is visible only when including BCGs, whereas it
disappears when satellite galaxies alone are analysed. If we com-
Fig. 4. Same as Fig. 3, but restricted to satellite galaxies.
pare clusters with the smallest and largest ∆m12 alone (the two
most-extreme cases), the former clearly show a lower velocity
dispersion in the centre. But if we include the two intermedi-
ate cases the situation changes significantly: the clusters with
1.0 < ∆m12 ≤ 1.5 show a clear peak in the central part that
excludes any possible trend.
It is worth noticing that clusters with 1.0 < ∆m12 ≤ 1.5 are
dominated by Abell 85. This cluster has 257 members and the
total number of galaxies used in this magnitude-gap bin is 1042.
The second most numerous cluster in the bin is FGS31 with 79
members and the mean number of members per clusters (exclud-
ing Abell 85) is 35. The velocity dispersion profile of Abell 85
was already studied in Aguerri et al. (2007) and the authors also
found that it peaks in the central part to a value that is larger than
that in the external regions. Thus, a possible explanation to the
peculiar shape of the velocity dispersion profile for the clusters
in the magnitude-gap bin 1.0 < ∆m12 ≤ 1.5 is that the subsample
is dominated by Abell 85. To test this scenario, we removed this
cluster from our sample and we computed again the velocity dis-
persion profile. The result does not change, meaning that Abell
85 is not the only cluster in this magnitude-gap bin to show this
behaviour. We thus have to conclude that the peak in the central
part of the velocity dispersion profile is a characteristic of these
systems and not caused by a single peculiar case.
The radial velocity dispersion profile was also analysed
by Ribeiro et al. (2010). In particular, they studied a sample
of galaxy groups and divided them in two categories: groups
with Gaussian velocity distribution (e.g. relaxed) and groups
with non-Gaussian velocity distribution (e.g. non relaxed). Non-
relaxed clusters were found to have an increasing velocity dis-
persion profile from the center to R200, while relaxed clusters
were found to have a flat velocity dispersion profile in the same
radial range. On the other hand, Cava et al. (2017) found the op-
posite result, the velocity dispersion profiles of irregular clusters
declines from the center to R200 more rapidly than that of regu-
lar ones. The velocity dispersion profile of our large magnitude-
gap systems also show an increasing trend from the center but
only out to 0.2*R200. Thus the similarity with the results of
Ribeiro et al. (2010) for the irregular clusters is only apparent
(compare our Fig.3 with their Fig.2) and it would be erroneous to
conclude from this similarity that our large magnitude-gap sys-
tems are irregulars. As a matter of fact we showed in Paper VII
of this series that the fraction of systems with substructures (i.e.
irregular systems) is the same in fossil and non-fossil samples
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Fig. 5. Surface density profiles of galaxies in the different subsamples.
The color code is the same as in Fig. 1.
5. Conclusions
We divide a sample of 102 clusters and groups of galaxies into
four bins of magnitude gap (∆m12) in order to study the depen-
dence of the velocity segregation of their galaxies and of their
radial velocity dispersion profiles on the ∆m12 parameter. The
results we find can be summarised as follows:
– Velocity segregation only appears in the two brightest bins
when it is computed in bins of absolute magnitudes.
– Velocity segregation only appears in the brightest bin of rel-
ative magnitudes.
– Velocity segregation is limited to central galaxies alone.
Satellite galaxies show no segregation independently of their
magnitude and of the magnitude gap of their host cluster.
– The radial profile of the velocity dispersion shows a trend in
the central part with the magnitude gap. In fact, the larger
the magnitude gap, the smaller the velocity dispersion at the
centre.
– The differences in the radial profiles are concentrated within
0.15R200. At larger radii, no significant difference is found.
– The trend disappears if we exclude the BCGs from the com-
putation of the radial profile of the velocity dispersion. This
means that the trend is due to central galaxies alone.
– A different behaviour appears in the central part of the pro-
files computed with satellites alone for clusters with 1.0 <
∆m12 ≤ 1.5: the central velocity dispersion is higher in the
centre than at large radii, whereas all other systems show an
almost monotonic growth.
These results show that there is a link between the magnitude
gap of the hosting cluster and its central galaxy, but on the other
hand the satellite population seems to show peculiar behaviours
not linked to the gap itself. For the BCGs the difference could lie
in an earlier formation epoch of the host halo as well as in a more
centrally-concentrated halo of the hosting cluster. These scenar-
ios can favor the relaxation of the central galaxy in the centre
of the potential well, because they offer a way to accelerate this
process: a longer time for dynamical friction to act (in the for-
mer scenarios) or a stronger drag due to a larger amount of mass
located in the very centre of the cluster halo (latter scenario). On
the other hand, the differences in the satellite population could
originate from different orbits. We plan to study the orbits of
galaxies in FGs in a forthcoming paper of this series.
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